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(57) A recombinant adenovirus vector comprising 
an adenovims genome DNA and an expression cas- 
sette is produced by inserting and ilgating a cosmid se- 
quence having recombinase recognition sequences at 
both ends and the expression cassette into either dele- 
tion sites of the adenovirus genome DNA with the dele- 
tion of the El region or El and E3 regions to thereby 
construct a recombinant cosmid/adenovims vector; 
cotransfecting this recombinant cosmid/adenovims 
vector and a recombinase-expression vector into a cell 
line producing adenovirus El protein; and deleting the 
cosmid vector sequence from the recombinant cosmid/ 
adenovims vector in the cells. This method makes it 
possible to conveniently and effidentty constmct a re- 
combinant adenovims vector. 
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Description 
Technicai Filed 

[0001 ] The invention of the present application relates 
to a method for constmcting a recombinant adenovirus 
vector. More specifically, the invention of the present ap- 
plication relates to a method for constmcting a recom- 
binant adenovims vector which is useful for introducing 
genes into mammalian cells, and genetic engineering 
materials for said method. 

Bacl(ground Art 



[0002] in recent years, the life science has made a 
long stride progress due to the accumulation of Icnowi- 
edge and the development of various technology in the 
fields of molecular biology, molecular genetics and the 
lilte, whereby a number of information for life phenom- 
ena can now be obtained. Research and development 
are being vigorously carried out in various fields, and 
the analysis of gene functions has a significant weight 
among such research and development Specifically, 
various technology for introducing an isolated gene into 
cells or organs In vivo, and vectors which are used for 
such technology, have been developed. 
[0003] Vectors of a number of types which are used 
for introducing genes to a mammalian cell have also 
been developed. In recent years, vectors produced by 
utilizing virus (vims vectors) are drawing attention. 
Among the vims vectors, an adenovims vector, in par- 
ticular, can be infected not only to dividing cells but also 
to non-dividing cells, thereby can be prepared at a high 
vims titer. In addition, as an adenovims vector can ex- 
press the targeted gene under the control of enhancers 
and promoters of various combinations, the medical ap- 
plication of the adenovims vector to gene therapy have 
been studied. 

[0004] Up to now, a number of methods of constmct- 
ing a recombinant adenovims vector, such as a method 
of utilizing In vivo homologous recombination and a 
method by In vitro ligation, have been developed. When 
a recombinant adenovims vector having the adenovims 
genome in which the E1 region has been deleted Is 
used, the introduced gene is expressed but the infec- 
tious viral particles are not produced. Therefore, a re- 
combinant adenovims vector is utilized especially as a 
useful means for introducing genes in gene therapy or 
the like. 

[0005] Adenovims vector has a number of advantag- 
es as compared with other vims vectors, as described 
above. However, as the vims genome of an adenovims 
vector is relatively long (36 kb), there arise some prot>- 
lems, in actual constmction of a recombinant vector, 
such as the complicated procedures or the low efficien- 
cy in constmction processes. Examples of a method of 
constmcting a recombinant adenovims vector in which 
the El region has been replaced include a method of 



utilizing in vivo homologous recombination in a mam- 
malian ceil (the 293 cell, for example) between two plas- 
mids (e.g.. Virology 163:614-617. 1988; Nucleic Acids 
Res. 26:3687-3693, 1998). In such a method, the first 

s plasmid includes the 5' end ITR (inverted terminal re- 
peat) of the adenovims genome, the packaging signal, 
the target gene and any selected portion of the vims ge- 
nome. The second plasmid includes the vims genome 
portion which overiaps the first plasmid and the remain- 
to ing portion of the vims genome which contains the 3' 
end ITR. However, as the possibility that the homolo- 
gous recombination occurs in a mammalian cell is quite 
low, in the method described above, it is necessary to 
ca^ryoutWrisfectiWof l30t!vof th mam- 

15 malian cell on a large scale. 

[0006] Alternatively, as another method, the 
COS-TPC method has been proposed (Proc. Natl. 
Acad. Sci. USA 93:1320-1324, 1996). This method in- 
cludes the step of transfecting a mammalian cell with a 

20 cosmid vector containing an adenovims genome of 
whole length together with an expression unit of the tar- 
geted gene, and the vims DNA-TPC (temiinal protein 
complex) wNch has been subjected to digestion by a 
restriction enzyme. In this method, by using the vims 

25 DNA-TPC, the target recombinant adenovims vector 
can be efficiently retrieved. However, in the case of this 
method, the elimination of the parental adenovims Is in- 
sufficient, although a measure for preventing the paren- 
tal adenovims from appearing is taken by digesting the 

30 adenovims genome by the restriction enzyme. In short, 
this method has a problem in terms of safety. 
[0007] As a yet another method, there has been re- 
ported a method of constmcting a recombinant adeno- 
virus vector to which the Cre-loxP recombinant system 

35 isapplied(J. Virol.71:1842-1849, 1997). In this method, 
by the action of the Cre recombinase, a recombination 
between molecules (specifically, a recombination be- 
tween the adenovims as the donor and the shuttle plas- 
mid having the expression cassette) is effected and a 

40 recombinant adenovims vector can be constmcted effi- 
ciently. However, in the case of this invention, donor vi- 
ms must be prepared and there is a possibility that the 
donor vims remains in the final vims sample. 

Further, there has been an attempt to reconstmct 

45 the whole adenovims genome, in vitro, with using a cos- 
mid vector. In this case, however, the complicated DNA 
constmcting process is required prior to the transfection 
to a mammalian cell line, which Is not practical. 

50 Problems to be solved by the present Invention: 

[0008] Prior to the aforementioned various reports 
and proposals regarding the method of constmcting a 
recombinant adenovims vector, Graham reported that, 
55 when a circular DNA constructed by inserting a small 
plasmid at the restriction enzyme Xba I site, which site 
exists at the one location In the El region of the aden- 
ovims 5 type, is transfected to a mammalian cell line 
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(the 293 cells), the circular DNA produces the infectious 
virus as efficiently as the vims DNA does (EMBO J. 3: 
2917-2922, 1984). 

[0009] This report suggests that a recombinant ade- 
novirus vector can be easily constructed by reptacing 
the El region or E3 region of a circular adenovirus DNA 
with an exogenous gene, l-iowever, when a recombinant 
adenovirus vector is actually constructed according to 
this method, there arise two problems. One is the low 
efficiency in incorporating the expression cassette into 
the extremely large plasmid which contains the adeno- 
virus genome DNA. The other problem is that the plas- 
mid DNA portion remains in the constructed adenovirus 
vector 

Disclosure of Invention 

[001 0] The invention of the present application has an 
object to provide a novel method of easily and efficiently 
constmcting a recombinant adenovirus vector, and ge- 
netic engineering materials for implementing the meth- 
od invention. 

[poll] The first aspect of the present invention is a 
method for constructing a recombinant adenovirus vec- 
tor having a DNA sequence consisting of an adenovirus 
genome DNA and an expression cassette, which com- 
prises: 

constmcting a recombinant cosmld/adenovims 
vector by inserting and llgating a cosmid sequence 
having recombinase recogn^lon sequences at both 
ends and the expression a ;sette into a site of the 
adenovims genome DNA ^here E1 region or El 
and E3 regions are deleted; 
cotransfecting this recombinant cosmid/adenovims 
vector and a recombinase-expression vector into a 
ceil line producinc adenovims El protein; and 
deleting the cosmid vector sequence from the re- 
combinant cosmid/adenovims vector in the cells. 

[0012] In the method according to the first aspect of 
the present invention, it is preferable that the recombi- 
nase is Cre recombinase and the recognition sequenc- 
es thereof are loxP sequences, or the recombinase is 
FLP recombinase and the recognition sequences there- 
of are FRT sequences. In addition, it is preferable that 
the celt producing adenovims E1 protein Is 293 ceil de- 
rived from human fetal iddney cells. 
[001 3J The second aspect of the present invention is 
a method for constmcting a recombinant adenovims 
vector having a DNA sequence consisting of an adeno- 
vims genome DNA and an expression cassette, which 
comprises: 

constmcting a recombinant cosmid/adenovirus 
vector by inserting and iigating a cosmid sequence 
having recombinase recognition sequences at both 
ends and the expression cassette into a site of the 
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adenovims genome DNA where El region or El 
and E3 regions are deleted; 
transfecting this recombinant cosmid/adenovims 
vector into a cell line producing recombinase and 
5 adenovims E1 protein; and 

deleting the cosmid vector sequence from the re- 
combinant cosmid/adenovims vector in the cells. 

[0014] In the method according to the second aspect 

fo of the present invention, it is preferable that the recom- 
binase is Cre recombinase and the recognition se- 
quences thereof are loxP sequences or the recombi- 
nase is FLP recombinase and the recognition sequenc- 
es~thereof are FRT sequences. In additjonTif is preter- 

is able that the cell producing the recombinase and aden- 
ovims E1 protein is the 293 cell derived from human fetal 
kidney celts which produces the recombinase. 
[0015] The third aspect of the present invention is a 
cosmid/adenovims vector, which comprises a cosmid 

20 sequence having recombinase recognition sequences 
at both ends in a site of the adenovims genome DIsIA 
where El region or El and E3 regions are deleted. 
[001 6] In the cosmid/adenovims vector of the third as- 
pect of the present invention, it is preferable that the re- 

25 combinase is Cre recombinase and the recognition se- 
quences thereof are loxP sequences, or the recombi- 
nase is FLP recombinase and the recognition sequenc- 
es thereof are FRT sequences. 
(001 7] The fourth aspect of the present invention is a 

30 293 cell line derived from human fetal kidney cells which 
produce FLP recombinase. 

[0018] Specifically, in the aforementioned aspects of 
the present invention, "a cosmid sequence" means a lin- 
ear cosmid vector sequence having recombinase rec- 

35 ognition sequences In the same direction at both ends, 
in addition, "a cosmid/adenovims vector" means a cir- 
cular DNA constmct which comprises said cosmid se- 
quence and the adenovims genome DNA with the de- 
tetton of the El region or El and E3 regions. Further, "a 

40 recombinant cosmkl/adenovims vector" means a circu- 
lar DNA constmct produced by Incorporating an expres- 
sion cassette into said cosmid/adenovims vector. Yet 
further, "a recombinant adenovims vector" means an 
adenovims including a linear DNA sequence produced 

45 by removing the cosmid sequence from said recom- 
binant cosmid/adenovims vector in the infectious viral 
particle. 

Brief Description of Drawings 

50 

[0019] 

Fig. 1 is a schematic view which shows stmctures 
of a cosmid/adenovims vector pALC (upper) and an 
55 expression cassette (lower) constmcted in example 
1 . The adenovirus genome DNA of 34 kb is shown 
as a white ring and the direction of the genome Is 
indicated by the arrow. The cosmid vector of 7 kb is 
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interposed by the loxP sequences shown by the 
black triangles, and includes therein the cos site, 
the kanamycin resistance gene (Km), the origin of 
replication (on) that works in Escherichia coll and 
the ampidllin resistance gene (Ap). The expression 
cassette consists of the CAG promoter, the mouse 
IL-5 cDNA, IRES, EGFP cDNA. and the poly(A) ad- 
ditional signal (pA). The expression cassette Is In- 
serted into the Swa I site of the pALC vector, where- 
by a recombinant cosmid/adenovlms vector 
pALC-IL-5 of example 2 is constmcted. 

Fig. 2 is a schematic view which shows the main 
"steps df~processing~the recombinant adenovirus 
vector constmcted in example 3. The pALC-IL-5 of 
example 2 was amplified in Escherichia coli DH10B, 
and the amplified pALC-IL-5 was purified. The 293 
cells were transfected with the purified pALC-IL-5 
and the pMC1-cre piasmid. The Ore recombinase, 
which expresses itself in a transient manner, cuts 
out the cosmid sequence of 7 kb efficiently, whereby 
an infectious recombinant ad enovims particles con- 
taining the expression cassette of IL-5 and EGFP 
were eventually produced. 

Fig. 3A is a schematic view which shows a structure 
of the recombinant adenovirus vector DNA con- 
structed in example 3. One loxP (indicated by the 
black triangle In the drawing) of the cosmid se- 
quence which has been removed by the Ore recom- 
binase remains in the ligated structure of the aden- 
ovirus genome (indicated as the open bar in the 
drawing) and the expression cassette of IL-5 and 
EGFP (indicated by the black bar in the drawing). 
The numbers indicated on the lower row of Fig. 3A 
represent the map unit (m.u.) of the adenovims ge- 
nome. The numbers on the upper row of Fig. 3A 
each represent the lengths (kb) of the fragments 
when the recombinant adenovirus vector DNA is di- 
gested with Xba I. Fig. 3B and Fig. 3C are photo- 
graphs, each showing the pattern observed when 
various DNA samples were digested with Xba I and 
subjected to electrophoresis in 0.4 % (B) or 0.9 % 
(C) agarose gel. Spedftcally, lane 1 and lane 2 rep- 
resent the vims DNA produced by cotransfecting 
the 293 cell line with pALC-IL-5 and pMC1-cre; lane 
3 represents the virus DNA produced by transfect- 
ing the 293 cell line with pFG140; and lane 4 repre- 
sents pALC-IL-SDNA. The DNA of the lane 1 and 
that of lane 2 were each prepared from the virus 
stocks which had been obtained by different trans- 
fection processes performed Independent of each 
other. The cosmid sequence interposed by the loxP 
sites is contained in the DNA fragment of 9.1 kb 
(lane 4, the black triangle). In the recombinant ad> 
enovims DNA, no fragment of 9.1 kb was observed 
but a fragment of 2.1 kb was generated (lanes 1 and 
2. the white triangle). The lane M represents the 



electrophoresis pattern of the size maricer and the 
size thereof is indicated on the left-side end (kb). 

Figs. 4A-4D are photographs each showing the 
s plaque formation and the expression of EGFP in the 
vicinity of the plaque, of the recombinant adenovi- 
ms vector constmcted by example 3. In the 293 cell 
line which had been cotransfected with pALC-IL-5 
and pMCI-cre, plaques formed by the vims were 
10 observed (Figs. 4A and 4C). Similariy, in the 293 
cell line which had been infected with the recom- 
binant adenovims vector, plaques were observed 
(Figs. 4B and 4D). When the fields of the photo- 
gfaplTS^A~arid"B were bbservedlwith^fluorescenr 
15 microscope, fluorescent light emission of EGFP 
was confimned (Figs. 4C and 4D). 

Best Mode for Carrying Out the Invention 

20 [0020] In the methods for constmcting a recombinant 
adenovims vector of the first and the second aspects of 
the present Invention, the cosmid/adenovlms vector of 
the third aspect of the present invention is used, in the 
preparation of the cosmid/adenovlms vector, known 

25 clones (such as pFG140 or the like used In the Exam- 
ples) may be employed as the adenovims genome DNA 
(36 kb, approximately). By treating such genome DNA 
with an appropriate restriction enzyme, nuclease or the 
like, DNA fragments (31-34 kb. approximately) with the 

30 deletion of tiie E 1 region (2.0 kb, approximately) or both 
El and E3 regions (3.0 kb, approximately) can be ob- 
tained. This DNA fragment is ligated with a cosmid se- 
quence which has been cut and linearized, whereby a 
circular DNA constmct is fomned. As ttie resulting cos- 

35 mid vector is a piasmid having the cos site of Es- 
cherichia coli X phage and exogenous DNA of 30-42 kb 
can be inserted thereto, the cosmid vector can accom- 
modate the aforementioned DNA fragment of approxi- 
mately 34 kb. The aforementioned cosmid sequence 

40 has recombinase recognition sequences at both ends 
thereof. The type of the recognition sequences is deter- 
mined in accordance with the type of the recombinase 
in use. For example, the loxP sequence can be used 
when Cre recombinase is used, and the FRT sequence 

45 can be used when FLP recombinase Is used. Specifi- 
cally, the loxP sequence is a sequence of 34 bp and can 
be used by cutting it out from a known done (e.g., pBS 
246. which was used In the Examples, manufactured by 
GIBCO BRL CO. and other companies). Further, the FRT 

50 sequence can be used by cutting it out from the known 
clone pNEOpGAL (manufactured by Stratagene co. and 
otiier companies). Yet further, it Is preferable tiiata DNA 
sequence having the cloning site (the restriction enzyme 
site) at least one site other than the adenovims genome 

55 DNA connection site Is extended at ttie outer side of the 
recombinase recognition sequences of the cosmid se- 
quence. 

[0021 ] I n ti)e aforementioned mettiod for oonstmcting 
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adenovirus vector of the present invention, a recom- 
binant cosmid/adenovirus vector is prepared by insert- 
ing and ligating the expression cassette containing a for- 
eign gene into the circular cosmid/adenovirus vector 
prepared as described above. The expression cassette 
is a DIMA fragment comprises a promoter sequence, a 
foreign gene (cDNA) and poly(A) signal and the like. 
[0022] It should be noted that, in the methods of the 
first and the second aspects of the present invention, a 
recombinant cosmid/adenovirus vector may be pro- 
duced by first connecting the cosmid vector sequence 
with the expression cassette and then ligating this struc* 
ture with the adenovinis DNA fragment Alternatively, a 
Tecombinant'^smid/ade^ 
duced by first producing a cosmid/adenovirus vector 
having an expression cassette inserted thereto, the ex- 
pression cassette not including any foreign gene (cD- 
NA), and then incorporating a foreign gene (cD^4A) into 
the expression cassette. 

[0023] In the method according to the first aspect of 
the present invention, the recombinant cosmid/adeno- 
virus vector prepared as described above is then 
cotransfected, together with the recombinase-expres- 
sion vector, to a cell producing the adenovirus E1 pro- 
tein. As the recombinase-expression vector, the Cre re- 
combinase- or the FLP recombinase-expression vector, 
for example, may be used. The Cre recomblnase rec- 
ognizes the ioxP sequence and cuts out the DNA se- 
quence interposed by two loxP sequences (Nucleic Ac- 
ids Res. 17:147-161, 1989). The FLP recombinase rec- 
ognizes the FRT sequence and cuts out the DNA se- 
quence interposed by two FRT sequences (Teends 
Genet. 9:413-421 , 1993). Accordingly, when the recom- 
binase expression vector as described above and the 
aforementioned recombinant cosmid/adenovirus vector 
are altogether introduced into a host cell, the cosmid 
vector sequence interposed by the loxP sequences or 
the FRT sequences of the circular DNA is cut out by the 
action of the recombinase, whereby a recombinant ad- 
enovirus vector having a linear DNA sequence compris- 
ing the adenovims genome DNA and the expression 
cassette is constructed. 

[0024] As the Cre recombinase-expression vector, 
any suitable l(nown clone (such as MCI -cre ptasmid 
employed in the Examples) may be used. As the FLP 
recombinase-expression vector, pOG44 (manufactured 
by Stretagene co.) or the Wke may be used. 
[0025] As the cell producing adenovirus El protein, 
the 293 cell line derived from human fetal kidney cells 
can be preferably used. However, the present invention 
is not limited to this example, and HeLa cells, nomial 
celts or the like to which the El protein gene has been 
introduced in advance may be used. Further, a cell iso- 
lated from a transgenic animal to which the E1 protein 
gene has been introduced may be used. 
[0026] On the other hand, in the construction method 
according to the second aspect of the present invention, 
the recombinant cosmid/adenovirus vector constmcted 



as described above is transfected to a cell producing 
recombinase and adenovirus El protein. Specifically, in 
this method, as the host cell stably produces the recom- 
binase, transfecting the host cell only with the reoom- 

5 bir^nt cosmid/adenovirus vector effects, by the action 
of the recombinase produced by the host cell, cutting 
out of the cosmid vector sequence interposed by the re- 
combinase recognition sequences of the circular DNA, 
whereby a recombinant adenovirus vector having a lin- 

10 ear DNA sequence comprising the adenovirus genome 
DNA and the expression cassette is constructed. As the 
cell producing recombinase and El protein, the Cre re- 
combinase producing 293 cell line known by the refer- 
ences"(J: Virolr71 :1 842-1 849rl 997; ProcT NatlrAcad.- 

15 Sci. USA. 93: 13565-13570, 1996) or the Cre recombi- 
nase producing 293 cell line constructed by the method 
in the Examples described below may be employed. In 
addition, the FLP recombinase producing 293 cell line 
which is provided, as a novel product, according to the 

20 fourth aspect of the present Invention may also be em- 
ployed. Further, HeLa cells or normal cells to which the 
E1 protein gerie and the recombinase gene have been 
introduced in advance, or a cell isolated from a trans- 
genic animal to which the E1 protein gene and the re- 

25 combinase gene have been introduced, may be used. 
[0027] The whole length of the recombinant adenovi- 
rus vector constructed in the aforementioned manner is 
approximately 36 kb. which is substantially the same as 
that of the wild type adenovirus. The recombinant ade- 

30 novirus vector of the present invention is highly Infec- 
tious to cells of various animals. 
[0028] The 293 cell line producing FLP recombinase 
of the fourth aspect of the present invention can be con- 
structed according to any known method. For example, 

35 a 293 cell line producing FLP recombinase can be con- 
structed by first incorporating a DNA fragment which en- 
codes the FLP recombinase Into a mammalian expres- 
sion vector, and then introducing the obtained vector to 
the 293 cell line. The DNA fragment which encodes the 

40 FLP recombinase can be cut out, for use, from the 
known expression vector such as pOG44 (manufac- 
tured by Stratagene co.). As the mammalian expression 
vector, any suitable known vector having a promoter, a 
splicing region, a poty(A) additional site and the like may 

45 be used, in addition to the aforementioned vector 
pOG44 which can be directly used. For introducing the 
expression vector into the 293 cell line, any suitable 
known method such as the electroporation method, the 
calcium phosphate method, the liposome method and 

50 the DEAE dextran method can be employed. Further, a 
drug resistance gene (such as puromycin resistance 
gene) may also be incorporated into the FLP recombi- 
nase expression vector, so that such a gene functions 
as the selection marker of the cells to which the vector 

55 has been introduced. 

[0029] Hereinafter, the present Invention will be de- 
scribed in detail and more spedfically by the following 
Examples. However, it should be noted that the present 
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invention is not restricted to any of these Examples. 
Example 1 

Construction of a cosmld/adenovirus vector 

[0030] The cosmid vector SuperCos 1 was purchased 
from Stratagene co. (La Jotia, CA) and the plasmid 
pBS246 containing the loxP sequence was purchased 
from GIBCO BRL co. (Rockville, MD). The Hind III site 
in the region interposed by the loxP sites of pBS246 was 
changed to Xba I, and the BamH t site In the same region 
was changed to Swa I. The resulting plasmid was cut at 



(pALC-IL-5) was prepared. The obtained vector was 
amplified on a large scale in Escherichia coli DH10B. 
purified and then retrieved. 

5 Example 3 

Construction of the recombinant adenovirus vector 

[0035] The recombinant cosmld/adenovims vector 
10 (pALC-IL-5) constructed In example 2 and the Ore re- 
combinase-expression vector (MCl-cre plasmid) were 
cotransfected to the 293 cell line derived from human 
fetal kidney cells which stably produce adenovirus El 



Not I, so that a fragment of 260 bp having two loxP sites 
was Isolated. This fragment was inserted into the Not I 
site of the SuperCos 1 whose unique Xba I site had been 
disrupted in advance, whereby the aimed cosmid vector 
(pLC cosmid) was prepared. 
[0031] The adenovirus genome DNA was prepared 
from pFG 140. The pFG 140 is a plasmid in which the 
whole genome of the adenovirus 5dl309 is circularized 
and has a plasmid vector portion of 2.2 i(b at the Xba 1 
site in the El region thereof. The El region (681-2559 
bp: counted from the genome 5' end) was deleted by 
BalSI nuclease, and an Xba I site was re-oonstmcted 
at the site of deletion. 

[0032] The adenovinjs DNA whose El region had 
been deleted and the aforementioned pLC cosmid were 
cut at the Xba I site, respectively, and then ligated. The 
product was accommodated in the headof bacteri- 
ophage X by the "in vitro" packaging, whereby a cosmid/ 
adenovirus vector of 41 kb (pALC cosmid) was prepared 
(refer to Fig. 1). 

Example 2 

Construction of a recombinant cosmld/adenovirus 
vector 

[0033] On the downstream side of the GAG promoter 
(the hybrkJ of the immediate-eariy enhancer of cytome- 
galovirus and the chicken p actln promoter) which is 
known to be highly active in ceils of various types, 
mouse interieukin 5 (mlL-5) cDNA. IRES (Internal ribos- 
ome entry site) derived from EMC virus and EGFP (en- 
hanced green fluorescent protein) cDNA derived from 
pEGFP-Nl plasmid were sequentially ligated. Then the 
Swa 1 site was added to both ends of the sequence, 
whereby a DNA fragment was prepared. This DNA frag- 
ment was incorporated into a vector derived from 
pHSG298 having resistance to kanamydn, and the Swa 
I fragment was cut out from the recombinant vector, 
whereby the expression cassette (4.2 kb) was prepared. 
[0034] The expression cassette was inserted into the 
Swa 1 site of the pALC cosmid constructed in example 
1. Thereafter, the product was incorporated into the 
headof bacteriophage X by the "in vitro' packaging, 
whereby a recombinant cosmld/adenovirus vector 



protein. WEKr(Minimum Essential" Medium) conSining~ 

15 inactivated 1 0 % fetal bovine semm (PBS) was used as 
the culture medium of the 293 cells. The cells were cul- 
tured on a petii dish or a multi>plate whose surface had 
been coated with gelatin. 

One pg of pALC-IL-5 and 0.1 pg of MCl-cre plas- 

20 mid were cotransfected to the 293 cell line cultured in a 
12-weil multi-plate, using UPOFECTAMINE (manufac- 
tured by GIBCO BRL co.) (see Fig. 2). 
[0036] The cytopathic effect (CPE), which can be 
evaluated by the degree of plaque formation, was ob- 

25 served within 10 days after the cotransfection. The cul- 
ture fluid of the plate in which CPE was observed was 
centrifuged at 2,000 rpm for 5 minutes at 4 "C, and the 
supernatant obtained by the centrifuge was added to the 
293 cell line cultured in a flask (having the culture sur- 

30 face of 75 cm2) so that infection was effected. After a 
few days, the ceils were collected from the flasks in 
which CPE was confirmed all over the culture surface. 
The collected cells were subjected to the freezing-and- 
thawing process six times and then centrifuged at 3,500 

35 rpm for 10 minutes at 4 •*C. Thereafter, the titer of the 
recombinant adenovirus vector contained in the ob- 
tained supernatant was measured. The measurement 
was canled out by: adding a vims suspension which had 
been diluted in the serial manner to the 293 cell line cul- 

40 tured on a gelatin-coated 96-weli multi-ptate; Incubating 
the sample; obsen/Ing presence/absence of CPE; and 
calculating the titer from the observed results. 
[0037] In addition, as a control, only pALC-lL-5 was 
transfected to the 293 cell line and the plaque fbmiation 

45 was examined. 

[0038] The obtained results were as follows. In the 
case of the conti-ol in which the Cre recombinase was 
not present, no plaque was observed in any of the 293 
cells cultured in the eight wells to which the transfection 

50 was performed separately. This result indicates that, as 
the length of pALC-IL-5DNA is 45 kb and exceeds the 
length that an infectious adenovims particle can accom- 
modate, no virus was produced. On the contrary, in the 
case in which pALC-iL-5DNA was transfected together 

55 witfi the Cre recombinase-expression vector, CPE was 
observed, within eight days, in all of the 293 cells planted 
in the eight wells. Additional experiments were carried 
out repeatedly for each of the control and the cotrans- 
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fection cases. As a result, in all of the twenty-two wells 
in which the Cre recombinase co-existed with pALC-iL- 
5DNA, the plaque was observed. 
[0039] From the aforementioned results, it is con- 
firmed that the oosmid sequence of pALC-IL-5 was ef- s 
ficientiy removed by the Cre recombinase which tempo- 
rarily expressed itself and, from the circular adenovims 
vector genome of 38 kb containing the expression cas- 
sette, the infectious recombinant adenovims vector was 
produced. 

Example 4 

Analysis on virus 0NA 

[0040] In order to confirm whether or not the cosmid 
sequence had been removed from the recombinant ad- 
enovirus vector constmcted In example 3, the structure 
of DNA thereof was analyzed. 
[0041] The vinjs suspension was digested with 1 % 
SDS, 0.2 mg/ml proteinase K and 10 mM EDTA at 37 
"C for 3 hours. The digested sample was then subjected 
to phenol extraction, phenol/chloroform extraction and 
ethanol precipitation. The sample was then subjected to 
electrophoresis in agarose gel, and the vims DNA was 
extracted from the gel and purified. The vims DNA was 
digested at Xba I and then subjected to electrophoresis 
by using 0.4 % and 0.9 % agarose gel. 
[0042] Fig. 3A shows the stmcture of the recombinant 
adenovims vector genome and the Xba 1 site therein. 
The vims DNA purified from the suspension of the re- 
combinant adenovims vector was digested at the Xba I 
site and then subjected to electrophoresis in 0.4 % aga- 
rose get (Fig. 3B, lane 1 and lane 2) or in 0.9 % gel (Fig. 
3C. lane 1 and lane 2). The vims DNA of lane 1 and that 
of lane 2 were each prepared from the cell groups which 
had been subjected to the transfection process inde- 
pendently. Thereafter, the pALC-IL-5DNA was digested 
at the Xba I site and suk)jected to electrophoresis in a 
similar manner. The Xi>a I fragment containing the cos- 
mid sequence interposed by the loxP sequences Is iden- 
tified as a fragment of 9.1 kb (Figs. 3B and 3C, lane 4). 
On the other hand, the Xba I fragment contained in the 
DNA of the recombinant adenovims vector is recog- 
nized as a fragment of 2.1 kb (Fig. 3C. lane 1 and lane 
2). The difference between the two fragments con^e- 
sponds to the cosmid sequence interposed by the loxP 
in pALC (approximately 7kb). From this result, it is con- 
firmed that the cosmid sequence in pALC-iL-5 was effi- 
ciently removed by the transient expression of the Cre 
recombinase, and the circular adenovims genome of 38 
kb containing the expression cassette which had been 
fomned as a result was amplified and accommodated in 
vims particles, whereby the infectious recombinant ad- 
enovims vector was produced . No DNA fi^agment whose 
size is beyond the expected range was observed. Ac- 
cordingly, it is also confirmed that abnomial recombina- 
tion hardly occura in the recombinant adenovims vector 



constmcting process according to this method. In the 
case of the control in which DNA of the 293 ceil line, to 
which the clone pFG140 Including the adenovims ge- 
nome had been transfected, was digested at the Xba I 
site, each of the expected fragments of 34.6 kb. 2.2 kb 
and 1.3 kb was observed (Figs. 3B and 3C. lane 3). 

Example 5 

Expression of the gene contained In the expression 

cassette 

[0043] In order to confirm the expression of lL-5, the 
"culture liquid ofthe iniectea ceiis was removed and cen- 
trifuged, and the IL-5 activity in the obtained supernatant 
was investigated by the ELISA method. In addition, the 
expression of EGFP was investigated by the obsen/a- 
tion with a fluorescent microscope. 
[0044] In the case in which the recombinant cosmid 
adenovims vector pALC-IL-5 and pMCI-cre were 
cotransfected to the 293 ceil line, a relatively large 
number of ceils became EGFP positive, and as the 
plaque of the vims developed, a strong EGFP fluores- 
cent light mission was observed in the vicinities of all of 
the plaques (Figs. 4A and 4C). 
[0045] Next, the suspension of the recombinant ade- 
novims vector constmcted In example 3 was diluted, 
and the diluted vims vector was infected to the 293 cell 
line, whereby the plaque was formed. More than 30 
plaques were studied, and it was confinned that all of 
the plaques were surrounded by EGFP positive cells 
(Figs. 4B and 4D). Considering that lL-5 and EGFP are 
transcribed in a bicistronic manner by the CAG promot- 
er, it is expected that the adenovims vector which ex- 
presses EGFP will also express lL-5. Therefore, In order 
to confirm the expression of IL-5, the vims suspension 
which had been diluted by the limiting dilution method 
was added to the 293 cell line cultured in a 96-well multi- 
plate and vims dones were grown separately. In the 
case in which ten vims dones were studied, all of the 
samples were EGFP positive. The IL-5 activity In the su- 
pernatant of the culture liquid was studied by using the 
ELISA method. The results each showed a high value 
(> 10|Ag/mi). 

[0046] The results described above suggests that the 
method of the present invention enables production of 
recombinant adenovims vector of extremely homoge- 
neous quality, as well as reliable expression, by this vec- 
tor, of the gene introduced into a mammalian cell. 

Example 6 

Preparation of a 293 cell line producing the Cre 
recombinase 

[0047] The Cre recombinase gene and the IRES (in- 
ternal ribosome entry site) sequence derived from the 
EMC vims were inserted, together with the puromycin 
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resistance gene, into ttie EcoR I site of pCAGGS (Gene 
108 (2): 193-199, 1991). whereby the Cre recombinase- 
expression plasmid pCAGGS^e-puro was construct- 
ed. The obtained plasmid was transfected to the 293 ceil 
line, which was cultured in a medium containing puro- 
mycin at 2 ^g/ml. The Cre recombinase activity was test- 
ed by isolating the puromycin resistant colonies and 
transfecting the 293 cell line with the reporter plasmid 
pCAG-CAT-Z. Specifically, this reporter plasmid, In 
which chioramphenicol acetyl transferase (CAT) gene 
interposed by the loxP sequences is inserted between 
the GAG promoter and the lacZ gene, causes the ex- 
pression of lacZ when the CAT gene is cut out by the 



sistance gene is cut out by the action of the FLP recom- 
binase, and thus can be used for testing the FLP recom- 
binase production of the 293 ceil line. By this test, a cell 
clone 293FLP capable of producing the FLP recombi- 
5 nase was obtained. 

Industrial applicability 

[0051] As described above in detail, the present in- 
to vention allows easily and efficiently prod ucing a recom- 
binant adenovirus vector which is infectious to a mam- 
malian ceil, in the conventional method of constnjcting 
a recombinant adenovinjs vector by using homologous 



"action ortfielCre recombinase, and"thus can be used" 
for testing the Cre recombinase production of the 293 
ceil line (Blochem. Biophys. Res. Commun. 17(2): 
393-401, 1995). By this test, a cell clone 293cre15 ca- 
pable of producing the Cre recombinase was obtained. 

Example 7 

Construction of a recomblnantadenovlrus vector In 
the293cre15 

[0048] One ^gAvell of the recombinant cosmld/aden- 
ovims vector (pALC-IL-5) constructed in example 2 was 
transfected to the 293cre15 prepared In example 6. All 
of the transfected cells in the nine wells showed CPE, 
and strong EGFP was observed at all of the spots of 
CPE. 

[0049] From the results described above, it is con- 
firmed that, by using the 293 cell line producing the re- 
combinase, the recombinant adenovirus vector can be 
efficiently constructed from the recombinant cosmid/ad- 
enovirus vector, without employing the recombinase ex- 
pression vector. 

Example 8 

Preparation of 293 cell line producing the FLP 
recombinase 

[0050] The FLP recombinase gene and the IRES (in- 
ternal rebosome entry site) sequence derived from the 
EMC vims were inserted, together with the puromycin 
resistance gene, into the downstream of the pgk (phos- 
phoglycerate kinase) promoter, whereby the FLP re- 
combinase-expression plasmid pgk-FLP-puro was con- 
structed. The obtained plasmid was transfected to the 
293 cell line, which was cultured In a medium containing 
puromycin at 2 fig/ml. The FLP recombinase activity 
was tested by isolating the puromycin resistant colonies 
and transfecting the 293 cell line with the reporter plas- 
mid pNEOpGAL. Specifically, this reporter plasmid, in 
which the neomycin resistance gene interposed by the 
FRT sequences is inserted midway of the lacZ gene lo- 
cated on the downstream side of the SV40 promoter, 
causes the expression of lacZ when the neomycin re- 



recombiriationrthefe IS a nsKTh^tTfe^mblnant vectoT" 

15 of unexpected type is produced and the production proc- 
ess thereof is complicated and time-consuming. On the 
contrary, the method of the present invention does not 
necessitate such complicated processes and allows re- 
liable production of a recombinant vector having desired 

20 structure and function. Further, the method of the 
present invention allows production of a recombinant 
adenovtms vector by using a 293 cell line which has 
been used over no less than seventy passages, while 
the conventional method employing homologous re- 

25 combination does not allow employing a 293 cell tine 
which has been used more than 50 passages. 
[0052] Accordingly, by the method and material pro- 
vided by the present invention, the analysis of gene 
function by using a mammalian cell can be facilitated. 

30 In addition, the development of a vector used for gene 
therapy can also be facilitated. 
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Claims 

1. A method for constiucting a recombinant adenovi- 
rus victor having a DNA sequence consisting of an 
adenovims genome DNA and an expression cas- 
sette, which comprises: 

constructing a recombinant cosmid/adenovirus 
vector by inserting and ligating a cosmid se- 
quence having recombinase recognition se- 
quences at both ends and the expression cas- 
sette Into a site of the adenovirus genome DNA 
where El region or E1 and E3 regions are de- 
leted; 

cotransfecting this recombinant cosmid/adeno- 
virus vector and a recombinase-expression 
vector into a cell line producing adenovirus El 
protein; and 

deleting the cosmid vector sequence from the 
recombinant cosmid/adenovirus vector In the 
cells. 

2. The method according to daim 1, wherein the re- 
combinase is Cre recombinase and the recognition 
sequences thereof are loxP sequences. 



8 



15 



EP 1 201 761 A1 



3. The method according to daim 1, wherein the re- 
combinase is FLP recombinase and the recognition 
sequences thereof are FRT sequences. 

4. The method according to any of dalms 1 to 3, s 
wherein the cell line producing adenovirus E1 pro- 
tein is 293 ceil derived from human fetal kidney 
cells. 

5. A method for constructing a recombinant adenovi- fo 
rus victor having a DNA sequence consisting of an 
adenovims genome DNA and an expression cas- 
sette/which comprises: 



constructing a recombinant cosmid/adenovims i5 
vector by inserting and ligating a cosmid se- 
quence having recombinase recognition se- 
quences at both ends and the expression cas- 
sette into a site of the adenovirus genome DMA 
where El region or E1 and E3 regions are de- 20 
leted; 

transfecting this recombinant cosmld/adenovl- 
rus vector into a cell line producing recombi- 
nase and adenovims El protein; and 
deleting the cosmid vector sequence from the 2S 
recombinant cosmid/adenovirus vector in the 
cells. 

6. The method according to claim 5, wherein the re- 
combir)ase is Cre recombinase and the recognition 30 
sequences thereof are loxP sequences. 

7. The method according to claim 5, wherein the re- 
combinase is FLP recombinase and the recognition 
sequences thereof are FRT sequences. 3S 

8. The method according to any of claims 5 to 7, 
wherein the cell line producing recombinase and 
adenovims El protein is 293 cell derived from hu- 
man fetal kidney cells which produces the recombi- 40 
nase. 

9. A cosmid/adenovims vector, which comprises a 
cosmid sequence having recombinase recognition 
sequences at both ends In a site of the adenovims 4S 
genome DNA where El region or El and E3 regions 
are deleted. 

10. The cosmid/adenovims vector of claim 9, wherein 

the recombinase is Cre recombinase and the rec- so 
ognltion sequences thereof are loxP sequences. 

11. The cosmid/adenovims vector of daim 9, wherein 
the recombinase is FLP recombinase and the rec- 
ognition sequences thereof are FRT sequences. 55 

12. A 293 cell line derived from human fetal kidney 
cells, which produces FLP reccombinase. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4 
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